
M.J. Koiro, R.A. Myers, and R.A. Delaney
Allison Engine Division of Rolls Royce, Indianapolis, Indiana

TADS—A CFD-Based Turbomachinery
Analysis and Design System With GUI
Version 2.0—Methods and Results

NASA/CR—1999-206603

May 1999



The NASA STI Program Office . . . in Profile

Since its founding, NASA has been dedicated to
the advancement of aeronautics and space
science. The NASA Scientific and Technical
Information (STI) Program Office plays a key part
in helping NASA maintain this important role.

The NASA STI Program Office is operated by
Langley Research Center, the Lead Center for
NASA’s scientific and technical information. The
NASA STI Program Office provides access to the
NASA STI Database, the largest collection of
aeronautical and space science STI in the world.
The Program Office is also NASA’s institutional
mechanism for disseminating the results of its
research and development activities. These results
are published by NASA in the NASA STI Report
Series, which includes the following report types:

• TECHNICAL PUBLICATION. Reports of
completed research or a major significant
phase of research that present the results of
NASA programs and include extensive data
or theoretical analysis. Includes compilations
of significant scientific and technical data and
information deemed to be of continuing
reference value. NASA’s counterpart of peer-
reviewed formal professional papers but
has less stringent limitations on manuscript
length and extent of graphic presentations.

• TECHNICAL MEMORANDUM. Scientific
and technical findings that are preliminary or
of specialized interest, e.g., quick release
reports, working papers, and bibliographies
that contain minimal annotation. Does not
contain extensive analysis.

• CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

• CONFERENCE PUBLICATION. Collected
papers from scientific and technical
conferences, symposia, seminars, or other
meetings sponsored or cosponsored by
NASA.

• SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

• TECHNICAL TRANSLATION. English-
language translations of foreign scientific
and technical material pertinent to NASA’s
mission.

Specialized services that complement the STI
Program Office’s diverse offerings include
creating custom thesauri, building customized
data bases, organizing and publishing research
results . . . even providing videos.

For more information about the NASA STI
Program Office, see the following:

• Access the NASA STI Program Home Page
at http://www.sti.nasa.gov

• E-mail your question via the Internet to
help@sti.nasa.gov

• Fax your question to the NASA Access
Help Desk at (301) 621-0134

• Telephone the NASA Access Help Desk at
(301) 621-0390

• Write to:
           NASA Access Help Desk
           NASA Center for AeroSpace Information
           7121 Standard Drive
           Hanover, MD 21076



M.J. Koiro, R.A. Myers, and R.A. Delaney
Allison Engine Division of Rolls Royce, Indianapolis, Indiana

TADS—A CFD-Based Turbomachinery
Analysis and Design System With GUI
Version 2.0—Methods and Results

NASA/CR—1999-206603

May 1999

National Aeronautics and
Space Administration

Glenn Research Center

Prepared under Contract NAS3–27394, Task 10



Available from

NASA Center for Aerospace Information
7121 Standard Drive
Hanover, MD 21076
Price Code: A08

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22100

Price Code: A08



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



1999/



Coupled  Throughflow and Blade to Blade Analysis
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Representation of Geometric Features on an Airfoil

Minimum X from Definition
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Minimum X values from airfoil definition and grid are different

Actual leading edge location may not exist in either description
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Meridional Representation of Airfoil in Throughflow Grid
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Use MBCAVG 

(mixing plane)

Solid Surfaces (Inviscid or Viscous)

Leading

Edge

Inlet 
Boundary

Exit
Boundary

Trailing

Edge

User specifies aerodynamic data at the leading and trailing edges as 
radial profiles.

ADPACBC extrapolates the data to the inlet for the first block and to 
the exit for the last block.

Extrapolation is according to 1−D gas dynamics, conservation of mass 
and angular momentum.

Block interfaces use the ADPAC MBCAVG boundary specification.

Specification of ADPAC Boundary Conditions
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NASA Rotor 67 Hub Section
Mean Camber Line Representations

Meanline defined by
circumferential average

Meanline defined by centers of circles tangent to both
pressure and suction surfaces
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2−D Solution Plane
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S−Duct Geometry

S−Duct is an annular channel with twisting. The inlet and exit are
parallel to the machine axis so no body forces are present near the
boundaries. The width is constant, so there is no blockage.
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NASA Rotor 67 Axisymmetric Throughflow Analysis
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A
ug

 2
2

19
95

, a
t1

2:
48

:5
5

VALUES

1= 0.800

2= 0.850

3= 0.900

4= 0.950

5=  1.00

6=  1.05

7=  1.10

8=  1.15

9=  1.20

10=  1.2

11=  1.3

12=  1.3

13=  1.4

14=  1.4

15=  1.5

16=  1.5

17=  1.6

18=  1.6

19=  1.7

20=  1.7

21=  1.8

22=  1.8

23=  1.9

4

5

5

5

5

5 5 5

6

6

7 8

9

10111213
14
15
16

17

18

Body Forces Computed From 3−D Solution Imposed in Throughflow Analysis

Body Forces Updated in Throughflow Analysis
Conforming to Streamsurface from 3−D Solution

Absolute Total Pressure

1999/



1999/



1999/



0.0 2000.0 4000.0
Iteration Number

1.0

1.5

2.0

T
ot

al
 P

re
ss

ur
e 

R
at

io

−5.0

−4.0

−3.0

−2.0

−1.0

0.0

lo
g1

0(
er

ro
r)

Max Error
RMS Error

0.0 2000.0 4000.0
Iteration number

0.0

0.5

1.0

1.5

A
di

ab
at

ic
 E

ffi
ci

en
cy

50.0

60.0

70.0

80.0

M
as

s 
flo

w
 (

lb
/s

)

Mass Flow In
Mass Flow Out

1999/



1999/



1

1

2

2

2

3

3

3

4

4

4
5

5

5

6

6

7

7
7

8

8 8

9
9

10

1

1

2

2

3
3

3

3

4 4
4

5

5

6

6

6

7

7

7

8

8

9

910

Level MACH
10 1.401
9 1.308
8 1.216
7 1.124
6 1.031
5 0.939
4 0.846
3 0.754
2 0.662
1 0.569

Analysis Mode

Design Mode

Rotor 37 (design speed and back pressure)

1999/



7.4 7.6 7.8 8.0 8.2 8.4
Radius (in.)

0.020

0.040

0.060

T
ot

al
 P

re
ss

ur
e 

Lo
ss

 C
oe

ffi
ci

en
t

Imposed Total Pressure Loss
AST Stator 5, loss model validation

1999/



7.5 7.7 7.9 8.1 8.3
Radius (in.)

150.0

152.0

154.0

156.0

158.0

T
ot

al
 P

re
ss

ur
e 

(p
si

)

Trailing Edge Total Pressure Profiles
AST Stator 5 Final Validation

ADPAC 2−D with loss model (stream surface from 3−D)
ADPAC 2−D inviscid (stream surface from 3−D)
ADPAC 3−D Navier−Stokes
ADPAC 2−D inviscid (mean camber surface+Carter’s Rule) 

1999/



1999/



1999/



1999/



GRAPE Grids for NASA Rotor 67 Hub Section
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NASA Rotor 67 Throughflow Analysis
Relative Mach Number
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NASA Rotor 67
Relative Mach Number

Third Iteration Through Coupled Throughflow and Blade−to−Blade Analyses
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NASA Rotor 67
Meridional Streamlines

Meridional streamli nes are computed th ree ways:

1. Streamlines are assumed to be along lines of constant percent area
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3. Streamlines are computed from axisymmetric average of a full 3−D

Euler solution

After 3 Iterations
in TADS

Constant Percent Area

Axisymmetric Average of
Full 3−D Euler

1999/



1999/



VALUES

1= 0.000E+0

2= 0.100

3= 0.200

4= 0.300

5= 0.400

6= 0.500

7= 0.600

8= 0.700

9= 0.800

10= 0.900

11=  1.00

12=  1.10

13=  1.20

14=  1.30

15=  1.40

16=  1.50

17=  1.60

18=  1.70

19=  1.80

20=  1.90

21= 2.00

2

2
2

2
2 2

2
2

2

3

3
3

3

3

34

4

4
4

4

4
4

4

5

5

5

5

5

5

5

5

6

6

6

6

6

6

6

6

7

77

7
7

7

7

7

8

88

8
8

8

8

88

8

8

8

8
9

9

9 9

9

9

9

9

9

10

10

10

10

10
11

11

11

11

11
12

12

13

13

141516

VALUES

1= 0.000E+0

2= 0.100

3= 0.200

4= 0.300

5= 0.400

6= 0.500

7= 0.600

8= 0.700

9= 0.800

10= 0.900

11=  1.00

12=  1.10

13=  1.20

14=  1.30

15=  1.40

16=  1.50

17=  1.60

18=  1.70

19=  1.80

20=  1.90

21= 2.00

2

2

23

3

34

4

45

5

5
6

6

6

6

7

7

7

7

7

88

8

8

8

8

8

8

9
9

9

9

9

9

10

10
10

10

11

11

12

12

13141516

NASA Rotor 67
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RVCQ3D Blade−to−Blade Euler Solution
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Hub Section

Figure 7.4: The relative Mach number contours at the hub section are similar, but signi�cant

di�erences arise because of the separation at the trailing edge in the RVCQ3D solution.
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NASA Rotor 67
Relative Mach Number
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Euler Solution
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NASA Rotor 67
Relative Mach Number

Tip Section

Full 3−D Euler ADPAC Solution
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Meridional streamli nes are computed tw o ways:

Iteration 1. Streamlines are computed from the throughflow solution,
which used the mean camber line as the mean stream

surface

Iteration 4. Streamlines are computed from the throughflow solution,
which used the mean stream surface calculated from the
blade−to−blade solutions in Iteration 3.
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